. XRD data for precursors a) Cu 6 Sn 5 , b) Cu 3 Sn, c) Sn-Co, d) Sn-Ni.
XRD patterns for the Sn-containing intermetallic compounds were presented in Figure S1 . Figure S2 . TG curves for the given precursors.
TG curves measured at O 2 atmosphere for the precursors, i.e., Sn-containing intermetallic compounds were shown in Figure S2 . As can be seen in the Figure XPS data for Cu 2p of SC1-800H and Co 2p of SCo-800H were shown in Figure   S7 . Weak signal of Cu was captured and relatively obvious Co signal was measured by XPS, in accordance with the inference that there is residual Co 3 O 4 in around the final products. Figure S8 . XPS patterns for SC1-800H, SC2-800H, and SN-800H.
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XPS spectra for O 1s of SC1-800H, SC2-800H, and SN-800H are shown in Figure S8 . All of O 1s core-level XPS spectra were fitted to three peaks. The first one at the lowest binding energy of about 530.2 eV is attributed to the lattice oxygen of Cu-O or Ni-O and the second peak in the middle at a binding energy of about 530.6 eV can be identified to the lattice oxygen of Sn-O. The third peak located in the highest energy of about 532.5 eV is deemed as O species adsorbed in oxygen vacancy.
The peak area of SN-800H at 532.5 eV is greater than other' area, indicating the highest oxygen vacancy concentration of SN-800H, consistent with the EPR results.
Meanwhile, SC1-800H and SC2-800H own the relative low oxygen vacancy concentration. As shown in Table S2 , the atom ratio of M/Sn measured by EDS was found to be 1%-2% for SC1-800H, SC2-800H and SN-800H. SCo-800H showed the relatively high atom ratio of Ni/Sn because the existence of residual Co 3 O 4 . The specific surface areas of metal-doped porous SnO 2 were measured by N 2 adsorption/desorption isotherm, as shown in Table S3 , SC1-800H, SC2-800H, SCo-800H and SN-800H
S11
showed specific surface area with 8.8, 3.6, 3.0 and 10.4 (m 2 /g) respectively.
S12 Figure S9 . XRD patterns for calcination products of Cu 3 Sn at different temperature XRD patterns for calcination products of Cu 3 Sn at different temperature were presented in Figure S8 . Under low-temperature oxidation environment (400 o C), only part of the precursor could be oxidized to MO x /SnO 2 . The oxidation degree enhanced as calcination temperature increased, and precursors were almost oxidized to MOx/SnO 2 by treating at 600 o C for 2 h S13 Figure S10 . Gas response of three kinds of porous SnO 2 for formaldehyde as a function of temperature.
